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Abstract 
This study was designed to investigate the effects of inquiry chemical experiment in chemistry teaching in promoting preservice 
teachers’ critical thinking dispositions. A pretest and posttest experimental design with a comparison group was employed to 
validate the effectiveness of the proposed approach. Ten chemical experiments were selected, and 42 chemical preservice 
teachers aged at 19-22 voluntarily participated in the research. The California Critical Thinking Disposition Inventory (CCTDI) 
was used to assess the level of preservice teachers’ critical thinking skills. The CCTDI post scores of the preservice teachers in 
chemical inquiry experiments training had improved, which showed that the inquiry chemical experiment has certain promoter 
action to the preservice teachers’ critical thinking disposition. However, the preservice teachers did not achieve high levels of 
Critical Thinking (CT) in either the inquiry or the traditional approaches, nor did they score high or differ significantly on 
subscales except analyticity. The findings indicated that inquiry chemical experiment encouraged preservice teachers’ ability to 
think critically, demand the application of reason and evidence and incline to anticipate consequences. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
John Dewey (1933) stated that the central purpose of education is learning to think. As part of that education, 
learners need to develop and learn to effectively apply critical thinking (CT) skills to their academic studies (Kealey, 
Holland, & Watson, 2005), to the complex problems that they will face in their professions (Yeh, 2004), and to the 
critical choices they will be forced to make as a result of the information explosion and other rapid technological 
changes (Oliver & Utermonhlen, 1995). 
There are many definitions of critical thinking. Richard Paul (1988) calls it the ability to reach sound conclusions 
based on observation and information. Barry Beyer (1983) describes it as assessing the authenticity, accuracy and 
worth of knowledge claims, beliefs, or arguments. Stephen Norris (1985) says it helps students to "apply everything 
they already know and feel, to evaluate their own thinking, and especially to change their behavior...." The most 
widely accepted characterization of critical thinking along these lines is due to Robert Ennis. According to Ennis 
(1985), critical thinking is reasonable, reflective thinking that is focused on deciding what to believe or do (p. 46). 
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Critical thinking is not the same as, and should not be confused with, intelligence; it is a skill that may be 
improved in everyone (Walsh and Paul 1988). However, it is not something that necessarily develops with maturity 
and so should be taught to all ages. The New Jersey Test of Reasoning Skills, for example, found that the mean 
scores of college freshmen tested were less than one point above the mean scores of sixth graders (Lipman, Sharp & 
Oscanyan 1980). Several teaching strategies, such as classroom assessment techniques (Angelo, 1995), cooperative 
learning strategies (Cooper, 1995), problem-based learning strategies (Carder, Willingham & Bibb, 2001) and case 
study pedagogy (McDade, 1995) have been proposed to help promote CT (Yang, Newby & Bill, 2005). 
Meanwhile, King (1995) and Taba (1966) suggested that the level of thinking that occurs is influenced by the 
level of questions asked. This is especially true in science education. Thus, teaching science by inquiry is proposed 
(Bybee, 2000). Learning, using the inquiry approach, involves students forming their own questions about a topic 
and having time to explore the answers. The students are both problem posers and problem solvers within inquiry 
learning. Inquiry as abilities includes identifying questions, designing and conducting scientific investigations, 
formulating and revising scientific explanations, recognizing and analyzing alternative explanations, and 
communicating and defending scientific arguments. It is suggested that many of these abilities are integral to CT. In 
addition, inquiry teaching and learning poses a challenge to both teachers and students (Kracjik, Mamlok & Hug, 
2000). 
However, in the traditional classroom, science is usually presented as a rigid body of facts, theories, and rules to 
be memorized and practiced, rather than a way of knowing about natural phenomena. And the idea that teachers are 
the most influential factor in educational change is not controversial (cf. Duffee & Aikenhead, 1992). The crucial 
role of teachers in traditional top-down approach gradually becomes obstacle of current science education. A 
worldwide reform of science education has been advocated, with one of the aims to focus on inquiry as a central 
element of the curriculum, to promote students to actively develop their understanding of scientific concepts, along 
with reasoning and thinking skills (Jan H., Douwe & Nico, 2001). 
Laboratory activities have long had a distinctive and central role in the science curriculum and science educators 
have suggested that many benefits accrue from engaging students in science laboratory activities (Hofstein & 
Lunetta, 1982; Lunetta, 1998). More specifically, when properly developed, inquiry-centered laboratories have the 
potential to enhance students’ constructive learning, conceptual understanding, and understanding of the nature of 
science. Inquiry-type experiences are especially effective if conducted in the context of, and integrated with, the 
conceptual development of the topic taught (Hofstein, Nahum & Shore, 2001). In addition, Hofstein and Walberg 
(1995) reported that inquiry-type laboratories are central to learning science, because students are involved in the 
process of conceiving problems, formulating hypotheses, designing experiments, gathering and analyzing data, and 
drawing conclusions about scientific problems or science phenomena. This has the potential to improve students’ 
CT skills through the inquiry-type experiment (Allison, Robert David, 1972; Charen & George, 1970). Miri et al. 
(2007) suggest that if teachers purposely and persistently practice higher order thinking strategies such as inquiry-
oriented experiments, there is a good chance for a consequent development of critical thinking capabilities. Domin 
(1999) concluded that the inquiry laboratory style gives students the opportunity to engage in authentic activities and 
has been proven to be beneficial in fostering critical thinking. 
The aforementioned studies have provided valuable information indicating that students’ CT skills can be 
fostered and demonstrated through inquiry experiment. However, research by Innabi and Elsheikh (2007) suggests 
that even teachers, who believe critical thinking is essential, feel unequipped to teach those skills. To improve 
students’ performances on critical thinking, schools of education must improve teachers’ critical thinking ability. 
The teacher educators must teach cognitive skills to preservice teachers before training them to teach these skills in 
the classroom (Ashton, 1988). Teachers in training who develop improved critical thinking strategies may in turn 
enhance their own students' analytical skills (Onoshko, 1990; Paul, Elder & Bartell, 1997; Mei- Yun, Swee, Jung & 
Leah, 2003; Marlow & Inman, 1992). Furthermore, Edward C. Warburton (2008) suggested that preservice 
education would seem to be a good time for interventions that promote optimal use of CT activities in the classroom. 
Nevertheless, much attention has been focused on developing the discrete cognitive skills associated with CT, the 
exploration of its affective or dispositional side has only just begun. Being a good critical thinker means not only 
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having certain kinds of CT skills (CTS) (eg, analysis, evaluation and self-regulation), but also having an affective 
disposition (CTD) (eg, willing to suspend judgment, being open-minded, self-confident and analytical; in short, 
having a willingness to engage in sustained CT) (Facione, 1990b). Thus, in an effort to account for the affective and 
attitudinal dimension of CT, many researchers (Facione; Tishman & Andrade, 1999; Yeh, 2004) currently involved 
in CTS have urged that more attention be paid to CTD. 
Although promoting CTD has been identified as an important national goal in many Eastern countries, not much 
research on CTD has been done yet (Yang & Chou, 2008). Thus, the main goal of this study was to conduct 
empirical research to ascertain the effectiveness of inquiry experiment in promoting the preservice teachers’ CT 
dispositions. 
2. Methods 
2.1. Design 
To achieve the previously mentioned research aims, a pretest-posttest experimental design with an experimental 
group and a control group was employed. Students in the experimental group were allowed to use inquiry learning 
approach when conducting experiments, whereas students in the control group used the traditional way to do the 
experiments, using only the experimental materials, which were provided by the researcher. The California Critical 
Thinking Disposition Inventory (CCTDI) as data collection instrument was administered at the beginning and end of 
the program to all the participants. The pretest and posttest results for both groups were then compared to see 
whether there were any significant differences in the variables measured. 
The design of the study can be diagrammed as follows: 
O1—I —O2     —Experimental Group 
O1—T—O2     —Control Group 
O1—pretest, O2—posttest, I—use of inquiry-based experiment, T—use of traditional experiment. 
2.2. Participants 
The subjects sampled in this study were 42 fulltime senior students at Shaanxi Normal University in the 
northwest China who were chemistry preservice teachers. There were 20 preservice teachers in the experimental 
group and 22 in the control group. Their ages varied from 19 to 22 with average age of 20.55 years old. Before 
participating in the study, they have accepted several educational courses and also had the teaching practice 
experiences. 
2.3. Instruments  
To test the participants’ level of critical thinking, the Chinese version of California Critical Thinking Disposition 
Inventory (CCTDI) (Facione & Facione, 1992) was used. 
The CCTDI, developed by Facione et al. (1992), is a 75 item Likert scale tool with a Cronbach’s alpha for the 
total scale of 0.92. It has seven sub-scales: truth-seeking (12 items; alpha 0.71), open-mindedness (12 items; alpha 
0.73), analyticity (11 items; alpha 0.72), systematicity (10 items; alpha 0.74), critical thinking and self-confidence 
(10 items; alpha 0.78), inquisitiveness (10 items; alpha 0.80) and maturity (10 items; alpha 0.75). Total points from 
the seven sub-scales determine an individual’s critical thinking disposition. A person receiving less than a total of 
280 points on the scale is taken to be of low disposition for critical thinking while the critical thinking tendency of a 
person receiving more than 350 points is high (Facione et al., 1994). 
The CCTDI was translated into Chinese and modified by Luo and Yang in 2001. Its Cronbach Į is 0.86. Chinese 
and English CCTDI showed similarity for content validity and reliability for inquisitiveness (Luo and Yang, 2001). 
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2.4. Procedure 
To ensure that the treatment administered to participants in the experimental and control groups was similar, the 
same curriculum and lesson plans were used and the same teacher conducted the lesson. In addition, the researcher 
introduced the concept of CT to all the participants before the program to ensure that they were capable of using it. 
In this study, a series of 10 chemical experiments were chosen as the main instructional materials because they 
were part of the conceptual development of chemistry key concepts (e.g. acids-bases, oxidation-reduction, bonding, 
reaction rate) and the application of chemistry in actual life (e.g. cloth diapers, corrosion of iron nail, pigments in 
candies) (see Table 1). 
Table 1. Summary of Experimental Topics 
 
Experimental topics 
Activity comparison of Na, Mg, Al and Zn 
Analyzing the influencing factors of H2O2 decomposition reaction rates  
Super absorbent resin—“cloth diapers” 
The main composition of toothpaste and match 
Oxidation-reduction reaction and primary battery 
The corrosion of iron nail in different conditions 
The test of Iodine in the kelp 
What pigments are included in the candies? 
The self-made natural acid-base indicator  
Ionic bond or covalent bond? 
 
Above all, the participants were randomly assigned to experiment and control groups. A pretest of CT disposition 
was administered to all the participants before the program. At the beginning of the program, the researcher 
randomly divided the experimental group of 20 students into small groups of 2-3 students. There were a total of 8 
small experimental groups in this study, and each experimental group could choose 3-5 experiments in the 
scheduled topics (can not be repeated) for their interests. Students in experimental group must conduct experiments 
in inquiry way, the experiments which they conducted we called inquiry chemical experiment. These inquiry 
chemical experiments must include designing and planning the experiment, interpreting the results and arriving at a 
scientific conclusion. The detailed descriptions of the experimental process, which include the inquiry activities 
focused on, and the instructions given to the experimental group are tabulated in Table 2. On the other hand, the 
control group could also choose their interested experiments the same as the experimental group. The difference was 
that the control group continued with step-by-step verification laboratory exercises, working in pairs with direct 
supervision and instruction. Following two months of the treatment, a posttest of CT disposition was administered to 
all the participants to examine their CT disposition. 
 
Table 2. Components of Inquiry-based Experiments and Instructions Given to Experimental Group Regarding the Performance of Each 
Component 
 
Component of inquiry-type experiment Instructions given to experimental group 
Definition of the problem (hypothesis) and asking 
relevant questions Try to define the problem and to hypothesise. 
Planning of the experiment 
Try to plan your experiment accurately, logically, 
interestingly and efficiently. Present your 
assumptions at each stage, act independently, and 
prepare an equipment list. 
Performance of the experiment Follow the safety rules (and instructions); use the proper tools and be careful with the materials. 
Observation of phenomena 
Observe carefully the materials and changes that 
occur during the experiment and write them down 
in your notebook. 
Organising and analysing of data, Use concise, 
exhaustive expressions; refer to interpretations, and 
conclusions 
Use concise, exhaustive expressions; refer to 
unclear observations; distinguish between 
assumptions, explanations and conclusions and 
reports. Organise your findings in tables or graphs. 
Zhou Qing et al. / Procedia Social and Behavioral Sciences 9 (2010) 1429–1436 1433
 
3. Results 
Summary statistics (descriptive) of the CCTDI results before and after the implementation of the inquiry-based 
experiment are presented at Table 3. Regarding the total score of both groups, experimental group showed higher 
critical thinking disposition after the program. The experimental group scored a mean of 290.15 at the beginning of 
the program and 299.35 after the program, versus the control group who scored means of 290.68 and 292.86, 
respectively. 
Table 3. Pretest and Posttest Means of Scores 
 
Pretest Pretest Posttest Posttest  Group N M SD M SD 
Exp 20 290.15 20.71 299.35 23.99 Total score control 22 290.68 19.20 292.86 16.28 
Exp 20 39.05 1.38 38.85 1.29 Truth-seeking control 22 37.59 5.91 40.54 6.39 
Exp 20 43.75 4.96 43.70 5.38 Open-mindedness control 22 42.86 6.36 43.73 5.11 
Exp 20 42.50 4.86 47.45 1.09 Analyticity control 22 44.36 4.11 45.05 4.62 
Exp 20 43.05 5.98 45.25 7.14 Systematicity control 22 43.27 5.37 42.05 5.40 
Exp 20 37.20 5.02 38.60 5.49 Self-confidence control 22 37.68 6.91 36.68 5.73 
Exp 20 46.40 5.65 47.90 6.39 Inquisitiveness control 22 46.82 6.89 44.64 4.73 
Exp 20 38.20 5.78 37.60 6.12 Maturity control 22 38.09 4.35 40.18 5.18 
 
Differences between experimental group and control group with regard to pretest and posttest were examined 
using independent samples t-tests (equal variances assumption was verified via a Levine’s Test, p>0.05 in all cases). 
As shown in Table 4, the total score and all the subscale score of the post test between the experimental group and 
the control group showed no significant different. 
 
Table 4. Independent Samples T-test for Treatment and Experimental with Control Group as Variables (N = 42) 
 
 Exp-Control group t p 
Pre test -0.086 0.932 Total score Post test 1.033 0.308 
Pre test 0.782 0.439 Truth-seeking Post test -0.901 0.373 
Pre test 0.500 0.620 Open-mindedness Post test -0.017 0.987 
Pre test -1.335 0.190 Analyticity Post test 1.435 0.159 
Pre test -0.127 0.900 Systematicity Post test 1.649 0.107 
Pre test -0.260 0.796 Self-confidence Post test 1.106 0.276 
Pre test -0.216 0.830 Inquisitiveness Post test 1.892 0.066 
Pre test 0.069 0.945 Maturity Post test -1.468 0.147 
 
As shown in Table 5, the statistical difference for the pre-post test of the experimental group was determined 
using paired samples t-tests for the total score and the subscale scores of CCTDI. Significant difference was only 
found for the subscale score of analysis [t=-2.882; p=0.010 (<0.05)]. The statistical difference for the pre-post test of 
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the control group was determined correspondingly with paired samples t-tests for the total score and the subscale 
scores of CCTDI; no significant differences were found for the total score and all the subscales of the control group, 
either. 
Table 5. Paired Samples T-test for Treatment and Posttest with Pretest as Variables (N = 42) 
 
 Pre-Post test t p 
Exp -1.427 0.170 Total score Control -0.418 0.680 
Exp 0.139 0.891 Truth-seeking Control -1.730 0.098 
Exp 0.037 0.971 Open-mindedness Control -0.548 0.589 
Exp -2.882 0.010 Analyticity Control -0.749 0.462 
Exp -1.081 0.293 Systematicity Control 0.814 0.425 
Exp -0.864 0.399 Self-confidence Control 0.523 0.607 
Exp -0.826 0.419 Inquisitiveness Control 1.550 0.136 
Exp 0.303 0.765 Maturity Control -1.180 0.251 
 
4. Discussion 
Results indicated that the students in the experimental group improved their critical thinking dispositions after 
participating in the program, although no significant difference was found in the t-test. This outcome provided 
additional support that inquiry-based learning positively influenced gains in critical thinking (Lampert, Nancy, 
2007). Although the critical thinking dispositions in both groups were in medium range, the critical thinking 
disposition points scored by the experimental group was found to be improved more than that scored by the control 
group. This adds support to the viewpoint that dispositions toward critical thinking can also be encouraged to 
develop (Facione et al., 1997). However, it was noteworthy that neither group of the participants’ critical thinking 
disposition scores was found to be statistically significant. 
In this study, the results suggested that the subscale scores of CCTDI showed significant difference only in 
analyticity between the pretest and posttest for participants in experimental group where inquiry-based learning was 
implemented. The analyticity scale assesses prizing the application of reasoning and the use of evidence to resolve 
problems, anticipating potential conceptual or practical difficulties, and consistently being alert to the need to 
intervene. In inquiry-based learning, analyticity was important for learners in their learning. Participants in 
experimental group must experience the process such as analyzing the problematic situations and anticipating the 
possible results or consequences. The results indicated that the inquiry-based learning was an effective approach to 
cultivate students’ analyticity in chemistry experiment teaching. The lack of difference in the other sub-scales is 
worthy of further investigation. This suggested the need for continuing efforts by educators to emphasize the 
development of critical thinking disposition within inquiry-based learning. 
In a word, all these results indicated that the experimental group achieved at a significantly higher level than the 
control group, but there was no significant difference between the groups with respect to level of critical thinking. 
5. Conclusion 
CT is an important issue in higher education especially in teacher education, and educators have continued to 
focus on the development and promotion of CT in learners. This study focused on investigating the effectiveness of 
using inquiry-based experiment to enhance preservice teachers’ CT disposition. The results corroborate findings 
from other studies that critical thinking disposition are enhanced when active learning approaches like inquiry 
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experiment are used. “Analyticity” subscale scores of experimental group were also higher than their pretest scores 
as well as the comparison group. However, there are limitations to the study that must be acknowledged. The 
preservice teachers did not achieve high levels of CT in either the inquiry or the traditional approaches, nor did they 
score high or differ significantly on subscales of truth-seeking, open-mindedness, analyticity, systematicity, self-
confidence, inquisitiveness and maturity. This suggested the need for continuing efforts by educators to study the 
development of preservice teachers’ CT disposition within in inquiry chemical experiment teaching. 
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